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Abstract 
Matrix synthesis of semiconductor CdS nanoclusters is an actual task because represents a method of obtaining monodisperse and 
stable nanoparticles. A biopolymer films is the matrix for synthesis of cadmium sulfide nanoparticles by method of a leafwise 
chemosorption. The structure and optical properties of received samples are investigated. The effect of dimensional quantization 
for particles of ultradispersions was detected, the band gap and sizes of particles were defined. The nonuniform distribution of 
monodisperse cadmium sulfide nanoparticles in a matrix was determined. Mainly, they localized on sites of a biopolmer 
containing calcium. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Problems of nanomaterials science are instability of semiconductor nanoparticles (CdS, CdSe, etc.) in the free 
state and obtaining the homogeneous nanoparticles which quickly coalesce in agglomerates (for example, out of a 
polymeric matrix). For the modern science of materials developments the new techniques of chemical synthesis 
represent an inexpensive and qualitative method of obtaining monodisperse nanoparticles, both for the subsequent 
use, and for fundamental theoretical researches [1-3]. In this way matrix synthesis of encapsulated inorganic 
semiconductor nanoclusters of CdS is an actual task.  
Thanks to realization a possibility of focusing a particle size distribution without introduction of additional 
reagents and receiving particles of especially small size, matrix systems with ultradisperse semiconductor particles 
possess unusual photo- and gas-sensing properties [4,5]. Introduction to polymer CdS nanoparticles that have 
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quantum-dimensional effect allows to obtain composition nanomaterials used for development of new 
optoelectronic devices. 
Gelatin as a microporous substance possesses a developed surface that promotes penetration into its massif both a 
solvent and a solute [6-9]. Thus, the gelatinous gel inflicted on a substrate is the perspective solid carrier because of  
features of polymeric grid structure  [7,8,10]. At the same time it plays the role of hydrophilic medium. Moreover 
gel is the medium which is ductile, transparent in the visible rangeand and indifferent to all participants of reactions 
proceeding in a film [8,11]. 
Despite a large number of the publications devoted to this subject, physical and chemical properties of 
nanocomposites containing quantum dots of CdS are not enough explored. It is hard to obtain stable nanocomposite 
materials with the uniform quantum dots distribution in all volume and with possessing high uniformity. Therefore,  
researches of structural characteristics, distribution in a matrix and on a surface, physical and chemical properties of 
received nanoparticles are important.  
In this work structural and optical properties of cadmium sulfide nanoparticles created by a leafwise 
chemosorption of ions in a biopolymer (gelatinous) matrix were researched. 
2. Experimental 
A method of a leafwise chemosorption was used to obtain ultradisperse particles of cadmium sulfide in a 
biopolymeric matrix. Process of growing was carried out at a temperature of 20 0C at five and eight cycles consistent 
chemosorption of cadmium and sulfur ions in a biopolymeric matrix. Remains of electrolytes solutions were deleted 
by intermediate washing of structures in deionized water. Glass was used as a substrate on which was dealed the 
gelatinous film. A source of cations during the process of forming cadmium sulfide particles was the aqueous 
solution of CdCl2 at concentration below the threshold and equal 3.75 mmol∙l
-1.  An 0.1 mol∙l-1  aqueous solution of 
Na2S∙9H2O was used as a source of an anionic. 
The microstructure, phase structure, elemental and chemical composition of local sites were determined by the 
TEM method on the electron microscope JCM-2100 with the addition of energy dispersive X-ray analysis (EDXA) 
on analyzer Inca-250. 
Optical properties of received samples were investigated by the method UV–vis spectroscopy. Transmittance 
spectrums of CdS:gelatin structures was recorded on Specol 1500 spectrophotometer in the range of wavelengths 
from 190 to 1100 nm in a quartz cuvette with thickness of a layer equal 1∙10-2 m. 
A band gap and sizes of synthesized particles were determined from transmittance spectrums in the area 235 – 
660 nm [12-15]. Value of the band gap was determined as the size of the piece which is cut off on a tangent hν axis 
to the linear part of the experimental curve of absorption constructed in coordinates (α∙E)2 = f(E) (Е is photon 
energy, eV). 
3. Results and discussion 
Microscopic researches showed increase of  particles size if quantity of cycles are growth and as the result the 
interparticle distance decreases that leads to a coalescence ultradisperse particles (Fig. 1).  At five cycles of a 
chemosorption monodisperse particles are mainly formed (Fig. 1, sample 1). 
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Fig. 1. Microstructure of CdS:gelatin samples: 1 – after 5 cycles of chemosorption; 2 – after 8 cycles of chemosorption. 
The shift of an absorption band edge to the short-wave area at decrease of quantity of chemisorption cycles in 
transmittance spectrums of gelatin structures is observed (Fig. 2). The presence of exciton peak in spectrums at λ ~ 
327 nm allows to identify formation CdS particles immobilized in a biopolymer matrix [13]. 
 
 
Fig. 2. Transmittance spectrums of CdS:gelatin samples: 1 – after 5 cycles of chemosorption; 2 – after 8 cycles of chemosorption. 
Band gap (Eg) values of cadmium sulfide nanoparticles and their sizes are defined from the absorption spectra 
constructed in the energy scale (fig. 3) and presented in Table 1. 
                                         Table 1. Band gap and size synthesized particles. 
Sample Sample 1 Sample 2 
Еg, eV  3.05 2.75 
d, nm 3.8 5.0 
 
Demonstration of the effect of dimensional quantization for CdS nanoparticles is shown by the values presented 
in the table 1 that are above than band gap of a large crystal of CdS (2.5 eV). 
 
1 2 
745 E.G. Shubenkova et al. /  Procedia Engineering  152 ( 2016 )  742 – 746 
 
Fig. 3. The absorption spectrum of cadmium sulfide nanoparticles constructed in the energy scale  (sample 2). 
The quantitative elemental composition of dot spectrums showed that the light phase, unlike dark, except carbon, 
oxygen, nitrogen and calcium (the components which are a part of a gelatinous matrix) consists of cadmium (1.18 % 
mas.) and sulfur (1.68 % mas.). 
By means of an energy-dispersive analysis elemental mapping of sites samples was carried out. At comparing the 
electronic image sites of samples and distribution of cadmium and calcium on the same sites (fig. 4) it is possible to 
establish that synthesized nanoparticles of CdS are nonuniform distributed in a matrix and they are localized mainly 
on sites that contain calcium which is one of biopolmer components. It can be explained if to assume that sulfide 
ionic associates with calcium are primary formed, and only then, from the corresponding solution, the 







                           a                                                              b                                                            c 
Fig. 4. The electronic image of the sample 1 (CdS:gelatin after five chemisorption cycles) – (a); mapping at this site by Cd (b) and Ca (c). 
4. Conclusions 
In conclusion in volume of a biopolymer matrix at a temperature of 20 0C cadmium sulfide nanoparticles were 
created, optical researches of received structures of Cds:gelatin by methods TEM and spectroscopy in UV–vis area 
showed that the synthesized particles have quantum-dimensional effect.  
The nonuniform distribution of monodisperse cadmium sulfide nanoparticles in a matrix was determined. Mainly, 
they localized on sites of a biopolmer containing calcium. 
Cd Ca 
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